We present model atmosphere analysis for a sample of B-type stars in optical region to obtain their fundamental parameters e.g. effective temperature, surface gravities, and rotational velocities. Approximate masses for the sample of stars under study are obtained by comparing the resulted effective temperatures and surface gravities with the evolutionary tracks. Comparison between these masses and the empirical effective temperatures-mass relation revealed good agreement.
Introduction
B-type stars are hot stars defined by the presence of hydrogen (H) and neutral helium (HeI) in the optical spectra. H line strength increases over the B star subclasses while HeI decreases. There are a wide variety of subtypes, as B stars occur over a wide range of luminosity, many have companion stars, and many have circumstellar material.
Most of our knowledge about stellar atmospheres of B-type stars comes from basic physical parameters of individual stars such as effective temperature eff T and surface gravity log g . Accurate eff T are needed for locating stars on the HR diagram, and for abundance determinations [1] . They can be derived by means of indirect methods based on the comparison of observed quantities (such as the color index, the flux distribution and the line profiles) with the corresponding computed ones, calculated by using model atmospheres. The effective temperature and the gravity of the model which gives the best representation of the observed data are said to be equivalent to the effective temperature and to the gravity of the star.
Due to the non-availability of non-LTE model atmospheres in a mass production, modeling the atmosphere of B stars was done basically using LTE approximation. Nowadays the situation is changed, non-LTE models for early type stars became partially available (e.g. BSTAR2006 grid [2] , so it will be very important to reinvestigate the atmosphere of B stars using these models.
In the present paper, we present LTE/NLTE model atmosphere analysis for a sample of well known B-type stars. We derived their key stellar parameters, effective temperatures, surface gravities, rotational velocities and approximate masses.
The organization of the paper is as follows: Section 2 deals with the observations and model atmospheres used. In section 3 the result of investigations is discussed.
Observations, Model Atmospheres and
Numerical Methods
Optical Spectra
The spectra of the stars under investigation were taken mostly from the HEROS spectra which was secured using Echell spectrograph HEROS ( [3] and [4] ) attached to cassegrain focus of the 2 m Telescope at Ondrejov observatory. All initial reduction of HEROS spectra (bias subtraction, flat-fielding and wavelength calibration) were carried out using modified MIDAS. The un-rectified, wavelength-calibrated spectra then imported into SPEFO (written by Dr. J. Horn (see [5] and [6] for details) where we rectified and extract the digital spectra. The spectrum covers the wavelength range 3450 A° -8620A° the Balmer lines up to H15 as well as some infrared lines are seen. The resolving power is R = 20000 which analogue to FWHM = 0.25 A°. Table 1 represents the list of observed objects and their published parameters, for details we refer to [7] and reference there in. 
Theoretical Spectra
The present analysis will lie on LTE/NLTE grid of synthetic spectra. For LTE calculations, we adopted as input models, ATLAS9 grids [8] which consists of 409 models in total, assuming a solar metallicty and a microturblent velocity of 2 km/s and a mixing length to scale height ratio 1.25. Effective temperatures spans the range with a step in the model grid of 250 K for stars cooler than 10000 K, increasing up to 2500 K for hotter stars. Surface gravity span the range 1 log 5 g   . The synthetic spectra were computed for the region λλ 1500 A° -8000 A° and then smoothed using a Gaussian filter to a resolution of 1 A°.
LTE spectra is synthesized ( for the region λλ 1500 A° -8000 A° ) by using the LTE stellar spectral synthesis program SPECTRUM written by [9, 10, 11] . SPECTRUM inputs the columns for the mass depth points, the temperatures and the total pressure, then computes using a system of seven nonlinear equilibrium equations at each level in the atmosphere. The number densities of hydrogen, helium, carbon, oxygen and nitrogen, their relevant ions, all possible diatomic molecules that can be formed these species and the electron number densities.
We adopted for NLTE calculations the BSTAR2006 grid presented by [2] . The BSTAR2006 grid considers 16 values of effective temperatures, 15000 K ≤ Teff ≤ 30000 K with 1,000 K steps, 13 surface gravities, 1.75 ≤ logg ≤ 4.75 with 0.25 dex steps, 6 chemical compositions, and a microturbulent velocity of 2 km/s.
Determination of the Fundamental Parameters
Given a series of model spectra, it should possible to find the model that best fits the observed spectrum by a simple inspection. In practice when one has a set of over a thousand models whose differences are sometimes subtle, it was better to choose an automatic method for comparison. We do so using a computer program that can compare the flux values at every point of each spectrum and tabulate the differences into a single number that characterizes goodness of the fit. So to determine the fundamental parameters of the observed spectra, by determining the best fit between the observed spectra and the grid, three algorithms should be developed, the first is to adjust the spectral resolution, and the second is to bring the two spectra to a common wavelength scale while the third is devoted to the method of fitting. Since the spectral resolution of the observed spectra is not the same as the grid, so in the first step the synthetic spectra are brought at the same resolution by convolution. A Gaussian profile with FWHM = 0.25 A° is used for this purpose. The second step is required to begin the comparison between the observed and grid spectra are to adjust the wavelength scale. Since, the radial velocity of the observed star being unknown so no valuable comparison can be made until the two spectra are properly shifted to be brought into the same reference system. We used the cross-correlation method to determine the line shifts and the radial velocities by computing the correlation coefficient which given by
where i  is the observed spectra and i F is the model, and F given by
This step was performed by transforming the wavelengths i  of both spectra into log i  and finding the log i   shift giving the highest correlation between the observed spectra and the spectra of the grid. For the purpose of comparing the grid with the observed spectra, in the third step we have elaborated code which minimizes the Euclidan distance (D) between observed i  and template i F fluxes as explained by [12] .
where x is the vector of the fundamental parameters i.e. eff T , log g . The weight i  could be given by
where
In the present calculations, we apply 1 i   , this assumption is suitable for our purpose, where the information is distributed among most of the frequencies of the spectra (Allende Prieto, 2004), so we didn't need the interpolation between the flux grid.
To determine the 1   errors of the parameters, we follow the scheme of [13] which calculate the statistical error for a certain parameters (i) by
where oi D is the minimum distance of the best fit model, i d is a small change in the parameter (i) from the best fit value and i D is the minimum distance for the parameter (i) with the new value.
Results
Having built up the LTE/NLTE grid of synthetic spectra and the fitting algorithm we investigate the spectroscopic diagnostic tools developed from the grid. Instead of line profile fitting, we have chosen a global fit to the optical spectrum of each star.
We first used the algorithm described in Section 2.4 to compare the observed spectra with the theoretical one to determine the effective temperature and surface gravity of the best fitted models. In most cases the difference between the best fitted model obtained from the code and that of the closest one is very small, so visual inspection is applied for the final decision of the accepted model. With the best fitted model, we used the code ROTIN3 to calculate a grid of rotated spectra for 5 sin 500 v i   km/sec with step 10 km/sec. Then we applied the same algorithm again to determine the best rotational velocity. To do this, we used the spectral line Mg II 4481 (the recommended line to be free from the pressure broadening [14] in the fitting process. Table 3 summarizes the obtained physical parameters for the studied B-Type stars using LTE and/or NLTE model atmospheres. The first column is designed for the star's name, the second, third, fourth, fifth and sixth columns are for the effective temperature, surface gravity, rotational velocity, methods of computations and masses respectively, while the last column is devoted to the reference of the fundamental parameters. Besides the fundamental parameters derived from the present calculations, we presented two values for each star collected from the literatures for the sake of comparison. As it well shown, there are some discrepancies between our result and those from the literatures. As the tools of calculations are different, we thus expect these discrepancies. Even one use two model atmospheres calculated by dif- ferent codes, the results will not be identical.
In Figure 1 , we plotted the optical spectra as well as the best fitted models. Three spectral regions are plotted, namely 4000 Aº -4500 Aº, 4500 Aº -5000 Aº and  6500 Aº -7000 Aº. In general, the spectra are fitted well. For most stars, the H  region match the observations quite well, but not perfectly.
To illustrate the reliability of the stellar parameters for our sample, we plotted the effective temperature versus surface gravity along with the evolutionary tracks of [15] with solar metalicity, this diagram is presented in Figure  2 . From this figure we approximately determined the masses of stars, column 6 of Table 1 . To check these masses, we used the empirical effective temperature mass relation. Figure 3 shows this comparison. As we see, good agreement for most of stars.
In the following we discuss the results for each individual object:
ε Per (HD 24760, 45 Per, HR 1220, ADS 2888A, HIP 18532; V = 2.9 m), is a well-known bright star, which has been used for a long time as a spectrophotometer and MKK classification standard for the spectral class B0.5 III [16] , though it was also classified differently, e.g. B0.5 V [17] . This star was reported to be a double-lined spectroscopic binary [18] . [19] suggested it to be a triple system. In the present spectrum, H  is in pure absorption, OI and FeII lines are not visible except the FeII 6516 Aº line, which shows a very weak absorption. Comparison between observed and theoretical spectra is good. Noticeable discrepancy is found between our result and that of the literatures. While, the present calculations give higher effective temperature and comparable surface gravity, the rotational velocity is lower. Further investigation of spectra with high resolution spectra may give more consistent result.
β CMa (HD44743, HR2294, Vmag = 1.97). Spectral type B1II [20] . Earlier photometric and spectroscopic data reveal that this object exhibits multiperiodicity with rather low frequencies. The variability of β CMa has been known for one century during which the star has been extensively studied. In the present spectrum, H  shows a sharp absorption feature. Only the FeII 7462 Aº line is found in emission with a double peak structure.
γ Peg (HD 886, HR 39, Sp B2 IV), is listed as standard star of spectral type B2.5 IV in the Atlas of stellar spectra, by [21] . γ Peg is one of the so-called "classical" β cephei stars. It has been assigned to this group by [22] who demonstrated its variability in radial velocity with a single period of 0.1517 d and amplitude of 3.5 km/s. Hα is in sharp absorption [7] . Our spectrum for γ Peg cover only observations from 5850 A° to 8350 A° and we hope in future to collect observation for this star in a wider visible wavelengths to get more accurate results. The star possesses well expressed lines in its spectrum which may be attributed to its low rotational velocity (vsin i = 20 km/s).
ι Her (HD 160762, HR 6588, HIP 86414, V = 3.80 m). It is a single lined spectroscopic binary [23] , and is considered as a good candidate for SPB stars i.e. (slowly pulsating B stars). The star shows a sharp absorption feature, and has a very low rotational velocity, which is confirmed by [24] .
96 Her (HR 6738, HD 164852, HIP 88331), is a bright B star. Radial velocity variation of 96 Her were discovered by [25] on 25 Yerkes spectrograms. He found range from -98 to +74 km/s, The derived period was 50.2 days. [26] found this star to be spectroscopic binary.
η UMa (HR5191, HD120315, HIP67301 ). Spectral type B3 V [21] . The star is suspected to be a low amplitude photometric variable, and is listed as number 6450 in the new catalog of suspected variable stars. η UMa is frequently used as standard star for spectral classification. Morgan [21] establish η UMa as an "MK dagger type", a star whose spectrum has been carefully examined and used to define the MK system. [7] .
θ CrB (HD 138794, HR 5778, HIP 76127). The star was originally defined as a Be star, however, in the present phase none of the concerned lines showed emission.
Hα and OI 7772 A° in absorption, FeII 5169 A° line shows weak absorption and FeII 7712 A°line is not visible [7] .
ζ Dra (HR 6396, HD 155763, HIP 83895). The UV spectrum of which was studied by [28] . Hα shows a sharp absorption feature. OI 7772 A° -5 A° in absorption with two resolved lines. FeII lines show sharp weak absorption features, the star has a low v sin i = 20 km/s.
 Leo (HD 87901, HR 3982). The present spectrum shows H in pure absorption feature, OI is in absorption, no visible FeII lines were found, except FeII 5169 A° in weak absorption. Comparison between optical spectra and best fitted model atmosphere is very good.
Conclusions
In summary, we presented model atmosphere analysis for a sample of B-type stars. We used LTE/NLTE to determine effective temperature, surface gravities, and rotational velocities for each star. We used the theoretical evolutionary track to test the reliability of derived fundamental parameters and to estimate the mass for each star. Comparison with the previous results is good in general, if we take into account that, they are computed with different methods. From the results obtained we can draw the following:  Although the automatic methods are fast, the "by-eye" procedure is still which make the final decision.
 More accurate analysis of B-type stars could be drawn based on complete NLTE model atmosphere grid as well as a large sample of high S/N observed spectra. That's will be done in the future.  The difference remarked between the atmospheric parameters derived in the present investigation and that collected from the literatures, specially for hotter ones, may be attributed to the different methods of calculations.
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